Twenty-four sites in natural habitats were sampled for earthworms and quantitative samples were taken at eighteen of these. The distribution of sites in relation to soils and vegetation is shown in Table 1 . Details of certain sites need further clarification. It will be noticed that the succession of soils iron podsolic-brown podsolic-transitional alpine humus does not follow an exact altitudinal sequence. This is because the 'low altitude' transitional alpine humus soils (sites 208, 210) are located closer to the main dividing range than the other sites under sclerophyll forest and, as the eastern slopes of Mt Kosciusko are in a 'rain-shadow', these two sites receive more rain than sites at similar altitudes (e.g. sites II, 206, 207) which are further away from the main range. The effect of aspect is evident from sites 186 and 16 which are located at identical altitudes, on the opposite sides of a valley. The north-facing slope (site 186) exposed to the sun is drier (plant association is dry sclerophyll forest) than the shaded, south-facing slope (site 16, plant association is wet sclerophyll forest). Site 205 is located at Charlotte's Pass near a popular scenic lookout and ski-lift. The effect of excessive human trampling has led to death of the snow grass and the exposure of patches of bare soil surface and there are obvious effects on the earthworm population. The alpine humus soils developed on phyllite (sites 113, 201) are shallow (20-35 cm deep), very stony and located in zones of solifluction (Costin et al. 1967 ); one of these sites (113) is located on a steep (25-30?) north-facing slope and is much drier (see Table 2 ) than other alpine humus soils.
Several areas where native vegetation had been disturbed or destroyed were also sampled (non-quantitatively) for earthworms. These localities could be grouped into various categories as follows.
(1) Felled Eucalyptus forest, herbaceous ground cover and leaf litter relatively undisturbed.
(2) Eucalyptus forest felled, burnt, herbaceous ground cover and leaf litter destroyed and largely replaced by exotic plants.
(3) Lawns and gardens. (4) Roadside clearings where Eucalyptus trees have been removed and the ground cover consists of a mixture of native and exotic species.
METHODS

Soil analyses
After removal of surface vegetation and litter, samples of soil from depths of 0-4 cm and 12-16 cm were taken for analysis. The following determinations were made on each sample: particle size analysis, pH (determined on a 1: 5 soil water suspension, Piper 1942), moisture content (determined gravimetrically on a wet-weight basis) and organic carbon (determined by Tinsley's (1950) method, slightly modified).
Earthworm samples
In natural habitats eighteen sites were sampled quantitatively for earthworms and a further six sites were sampled non-quantitatively. At each of the eighteen sites ten blocks of soil 25 x 25 cm (0 0625 m2 surface area) were removed to a depth of 0 5-1-0 m (depending on the depth of the soil). The samples were spread on plastic sheets and earthworms removed by hand, transferred to 7000 ethyl alcohol and weighed within 10 days of collection. All samples were taken between 25 February and 2 March 1969.
Although hand-sorting suffers from the disadvantage of being tedious and that small specimens may be missed (Nelson & Satchell 1962 ) and deep-burrowing species may escape (Raw 1959 ) it has proved to be more efficient for some species of Lumbricidae than chemical-expulsion methods (Evans & Guild 1947; Nelson & Satchell 1962; Satchell 1969 ). Furthermore, it was the only possible method in the present studies which were conducted in areas remote from laboratories and the services required for employment of chemical-expulsion, wet sieving or flotation methods. Raw (1962) , Satchell (1969) and Piearce (1972) found that Lumbricidae lost between 10% and 25% of their weight after 7 days when preserved in 70o% ethyl alcohol or 500 formalin and this factor must be considered when estimates of biomass are based on preserved specimens. A further source of error in estimating biomass of earthworms is that inclusion of the gut contents, particularly of species that ingest large amounts of soil, may lead to over-estimates of earthworm biomass. Satchell (1969) found that the gut contents of Lumbricus terrestris L. made up 20% of the fresh weight in small specimens and up to 41 0 in large specimens.
In the present studies loss in weight of megascolecid earthworms during preservation in 7000 ethyl alcohol for 10 days varied from 900 of the fresh weight in small specimens to 4300 in large specimens of Notoscolex montiskosciuskoi. Gut contents made up 500 of the fresh weight in small specimens to 550 in large specimens (7-9 g fresh weight) of N. montiskosciuskoi. The loss in weight during preservation was considered to be sufficiently close to the gain in weight by inclusion of gut contents that estimates of biomass were based on the weights of alcohol-preserved specimens including gut contents. It is possible that this method has lead to an over-estimate of the biomass of N. montiskosciuskoi by a factor of up to 120 due to the fact that the gut of this species contains considerable quantities of soil.
RESULTS
Soil analyses
The altitudinal trends in pH, moisture, organic carbon and coarse sand (Table 2) 
Distribution of species
There have been several ecological classifications of earthworms according to their preferences for certain soil conditions or soil horizons. British Lumbricidae were classified into three groups by Satchell (1955) according to their occurrence in soils of different pH. Of the thirteen species he investigated three, all surface-inhibiting species, were 'acid-tolerant' (pH<4 5); five, all subsoil-inhabiting species, were 'acid-intolerant' (absent in soils with pH < 4 5); five others, consisting of two surface dwellers, two subsoil dwellers and one which lives in both situations, were 'ubiquitous' being found in soils with pH values of <4 0-7 0. Surface-inhabiting species are generally well-pigmented in contrast to the paler subsoil dwellers. Lee (1959) classified the New Zealand Megascol- Knowledge of Australian Megascolecidae is so scant that a similar classification has never been made and cannot be made until the fauna has been studied in more detail. As far as the Kosciusko fauna is concerned soil pH does not appear to have the dominant role in determining the distribution of species as it does with European Lumbricidae. However, it is possible to recognize three groups of species: 'topsoil' species which are active, heavily pigmented, live in the topsoil and leaf litter and do not make burrows in the subsoil; 'subsoil' species which are less active, pale, live in the subsoil and topsoil but are rarely, if ever, found in the surface litter; 'other' species which have the physical characteristics of the topsoil species (i.e. active, heavily pigmented) but which live in semi-permanent vertical burrows extending from the surface, where they feed, to the subsoil. This latter group would be included in the 'topsoil' group of the classifications mentioned above, but their distinctive burrowing behaviour is sufficiently characteristic to justify including them in a separate group. Among Lumbricidae, species such as Lumbricus terrestris have similar burrowing habits.
The distribution of the ten species (described or re-described by Jamieson 1972) of Megascolecidae found in the present study is shown in Table 1 , their density and biomass in Fig. 1 and Fig. 2 and their relative abundance above and below a depth of 15 cm is shown in Table 3 . There is so little known about the biology and habits of Australian Megascolecidae that brief notes on each species are made below. Their vertical distribution in any particular soil and their burrowing and feeding behaviour are paralleled in their better known European counterparts, the Lumbricidae. Two aspects of the behaviour of the Kosciusko Megascolecidae which contrast with certain Lumbricidae, are worth noting. Firstly, none of the surface-feeding species drag leaf litter into their burrows, and secondly, none of the species cast on the surface but do so within the soil.
Topsoil species
Cryptodrilus fastigatus is a reddish-purple, darkly pigmented species up to 130 mm in length. It occurs throughout the range of soils included in this study and is often the most abundant species. It is exclusively a topsoil species (only a single specimen has been found below 15 cm-see Table 3 ) and is often found burrowing just below the surface leaf litter.
Megascolex celmisiae is a reddish, moderately pigmented species up to 90 mm in length. It occurs throughout the range of soils included in this study and at some sites is more abundant than Cryptodrilus fastigatus. It is principally a topsoil species being most numerous below the surface leaf litter but occasionally penetrates into the subsoil (Table 3) . Diphorochaeta pheretima is a small (40 mm), darkly pigmented species which has only been found at one of the sites. It could possibly be included in the 'leaf mould' (Lee 1959) or 'epigeal' (Bouche 1971 (Bouche , 1972 surface leaf litter and its gut contents consist largely of soil. It has a restricted distribution being found only in podsolic soils with low organic carbon content under dry sclerophyll Eucalyptus forest. Graliophilus woodi is a moderately long (up to 110 mm), slender (up to 6-7 mm thick), fairly active, pale grey species which can be regarded as the counterpart of Oreoscolex imparicystis in alpine humus soils. It moves throughout the full depth of the profile and Vesiculodrilus purpureus is a reddish-purple darkly pigmented species up to 150 mm in length and 10 mm thick. It lives in semi-permanent, vertical burrows which penetrate deep into the subsoil to the weathering surface of the parent material. Apart from a single specimen found in a podsolic soil at an altitude of 1290 m (site 11), it is confined to a narrow altitudinal range encompassing transitional alpine humus soils at 1520 m and alpine humus soils in the sub-alpine zone (i.e. in alpine humus soil with a B horizon). As it can withdraw rapidly down its burrow when disturbed it is likely to be overlooked by extraction methods employing digging and hand-sorting. On the other hand, it is rapidly expelled by chemical extraction methods utilizing formalin or potassium permanganate. Its feeding habits have not been observed, but its dark pigmentation suggests that, like Vesiculodrilus frenchi (see below), it emerges from its burrow in the evening or at night to feed on surface leaf litter. There is no evidence that it drags leaf litter or other organic debris down its burrow as does the well-known lumbricid Lumbricus terrestris.
Vesiculodrilus frenchi is a reddish-purple, darkly pigmented species up to 100 mm in length and 7-8 mm thick. It is a smaller species than V. purpureus but with similar habits in that it lives in semi-permanent vertical burrows extending from the surface to the weathering parent material. It has been found only in alpine humus soils in the treeless alpine zone above 1890 m (i.e. in alpine humus soils lacking a B horizon) and its distribution does not overlap that of V. purpureus. It appears to be rare in alpine humus soils developed on phyllite. It is, like V. purpureus, rapidly expelled by chemical extraction methods but due to the shallower depth (<60 cm) of alpine humus soils in the alpine zone it is more readily found by digging/hand-sorting than is V. purpureus which is found in the deeper alpine humus soils (>90 cm) in the sub-alpine zone. It emerges from its burrow at night, particularly after rain, to feed either on the surface of the alpine herbfield or in the surface litter or sub-surface rhizomes of Celmisia longifolia. It does not drag leaf litter down its burrows.
Of the ten species recorded from these sites two are extremely rare being known from only one site each and three occur throughout the full range of sites studied. The five remaining species have distinct distributions closely related to soils and vegetation. Of the three subsoil species, Cryptodrilus tenuis is characteristic of podsolic soils under dry sclerophyll forest, Oreoscolex imparicystis is characteristic of transitional alpine humus soils and brown podsolics under wet sclerophyll forest and Graliophilus woodi is characteristic of alpine humus soils. Of the two surface-feeding/deep-burrowing species Vesiculodrilus purpureus is found below the alpine zone in alpine humus soils with a B horizon, transitional alpine humus soils and rarely in podsolic soils, while V. frenchi is found only in alpine humus soils (lacking a B horizon) in the alpine zone. Thus, ignoring the two rare species and the rare occurrence of Cryptodrilus tenuis in brown podsolic and Vesiculodrilus purpureus in iron podsolic soils, there are similar numbers of species (four or five) in each soil type (Table 1) . The soils can, therefore, be characterized by the distinct distribution of the three subterranean species and the two surface-feeding/ deep-burrowing species. 
Abundance and biomass
The population density and biomass of topsoil and subsoil groups is shown in Table  4 and for individual species in Figs. I and 2. In general, earthworms are more abundant and have a greater biomass in the alpine humus and transitional alpine humus soils than in the podsolic soils. This greater abundance is due mainly to topsoil species, as the abundance of subsoil species is not markedly different in the three major groups of soils. The greater biomass of topsoil species in alpine humus of the alpine zone is due partly to their greater abundance and partly to the fact that the average size of Cryptodrilus fastigatus is greater in these soils (Table 5 ). The greater biomass of subsoil species in transitional alpine humus and alpine humus soils is due partly to the fact that C. tenuis is much smaller than Oreoscolex imparicystis and Graliophilus woodi and partly to the greater average size of Notoscolex montiskosciuskoi in alpine humus soils (Table 5) .
Three of the alpine humus soils (sites 205, 113 and 201) have low earthworm populations. Site 205 has been subjected to excessive human trampling resulting in death of the snow grass and exposure of bare soil surface. The numbers and biomass of the topsoil species are very low but it is only one of the two species, Cryptodrilusfastigatus (3.2/M2 and 0'37 g/m2), which is affected, whereas Megascolex celmisiae is relatively abundant (12.0/M2) and its biomass (5 4 g/m2) is exceeded in only two other sites (204, 201). It is not surprising to find that topsoil species are affected by partial destruction of ground cover and the surface litter, but the complete absence of subsoil earthworms, which one might expect to be relatively unaffected by such disturbances, is not readily explained. Possibly, excessive trampling has led to compaction and a change in the structure and moisture regime of the subsoil. The low earthworm population at this site would appear to confirm other evidence (Costin 1954 (Costin , 1959 suggesting that these high altitude communities are very susceptible to apparently minor stresses. Sites 113 and 201 are both developed on phyllite and it has already been noted that these soils are relatively shallow, stony and subject to solifluction. Site 113, which had an extremely low population (8 0/M2) and biomass (1-17 g/m2) of earthworms at the time of sampling, is located on a steep slope (25-30?) and is very dry in summer (sub-surface soil moisture is similar to that in soils of the upper montane zone-see Table 2 ) and in fact Megascolex celmisiae was the only species present, although Graliophilus woodi and Notoscolex montiskosciuskoi have been found at this site on other occasions (T. G. Wood, unpublished). Megascolex celmisiae was also the most abundant species at site 201 and its biomass was only slightly exceeded by the large, subsoil species Notoscolex montiskosciuskoi. The relative abundance of Cryptodrilus fastigatus and Megascolex celmisiae in these three alpine humus soils suggest that M. celmisiae becomes dominant when Cryptodrilusfastigatus is scarce and in fact there was a significant negative correlation (r = -0 84**) between the biomasses of these two species in the eight alpine humus soils where the two species co-exist.
The abundance and biomass of earthworms appear to follow the trend in certain soil properties in being maximal in the upper sub-alpine and lower alpine zone. Correlation coefficients between the biomass of topsoil earthworms, subsoil earthworms and the three widely ranging species and the values for moisture, coarse sand and organic carbon are shown in Table 6 The nature of the ground-cover in natural situations did not appear to have a significant effect on the numbers of earthworms (Table 7) . In sclerophyll forest, the only effect was on subsoil earthworms which were significantly more abundant under a cover of Eucalypus litter than under a cover of Poa, although there were no significant individual effects on the three subsoil species. In alpine herbfield there were no significant differences between the numbers of earthworms under Poa or under Celmisia. In sub-alpine woodland both of the topsoil species, Cryptodrilusfastigatus and Megascolex celmisiae, were more abundant under trees than in the open between trees but there was no effect on subsoil species. In contrast, the change from native to exotic vegetation was accompanied by marked changes in the earthworm fauna. These changes were not quantified but the data in Table 8 show there is a more or less complete change from a native fauna of Megascolecidae to an exotic fauna of Lumbricidae, once the native ground cover and litter have been destroyed. The two topsoil species, Cryptodrilus fastigatus and Megascolex celmisiae, were replaced by Lumbricus rubellus and Eisenia rosea. Of the subsoil species, Cryptodrilus tenuis disappeared completely, although Notoscolex montiskosciuskoi was able to survive alongside the exotic Octolasium cyaneum and Allolobophora terrestris f. longa. The native subsoil species Cryptodrilus tenuis also disappeared but Notoscolex montiskosciuskoi was able to survive alongside the lumbricids Octolasium cyaneum and Allolobophora terrestris f. longa.
DISCUSSION
